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AGSTRACT 


* 
« 


The paper’ nolas that tne most importavt Immeclate uses of 
Satellites in ecucation in tne USA are for Information in fhe USA 
retrieval and conputfer 31cea instruction Ln such low density and 
disaovantagec areas as Alaska, Apoglacniayg Indian reservations,s 
ana rural regions. 


In tne first section tne paper attemots to enumerate ways In 
wnlcn satellites can be used in education. While some uses may 
oe more important fnan ofnersy, ali nave sore Importance. Tne uses 
tistes Iinctuse fne celivery of video materiat, teacning to 
scattered students, master teaching, feacning of Teachers, 
arovading intormarion on current avents. vigeo feacnin3z of 
denaviors inforration ratrieval and cenoutar glide anstructlone 


In the second secticn of the paper we note some technological 
consiraints such aS oangwicth, real-time neecse alspersion or 
concentration of tne network, and ofner aspects of network 
configuration tnat eitner make satelilte cetivery of messages 
more aGvantujeous or less acvantageous conpared to alternative 
duiivery meftnoagse 


In the fhird section of tne paper wa take a rough cut at some 
acononie asnatysis of costs,» for any choice of direction of effort 
depenas not only on bdenefits ouf also on relative costs. we try 
to get Some bounds on wnat alfferent oarts of 2 satellite 
educations! Systen woulg cost. We estimate the costs in terns of 
an ultimate nationwise ans universal aducatfional satellite system 
$0 as tO see where tne tlrst steps mignt eventually lead. 


In the final section of tne paper wa draw fhe conclusions sotad 
aDdOvee TNS? fne most Irportant first steos snoula be use of 
sateilites for sata communscation in Iacations where sucn 
factilties are not 4S raacity avallaste as In fhe nasor 
metroooiisese ae note antnis section ¢trat rhougn the earl tar 
oarts of tne pauper nag deen coucned in terms of a national 
System, Sucn a SysStam could only evolve gradually Through taking 
of useful first st20se 


* 


STATEMENT OF OBJECTIVES 


Tne purpose of this paper Is to lientify 3 
1) Toplcs that need to be researched in order to aecide on 
whether satellite facilities will be useful for American 
eaucat lon} 


-2) Directions in wnicn Initial ecucatlonal satellite efforts 
should go. 


4 


SOME HYPOTHESES ABOUT THE 
COST/EFFECTIVE!ESS OF SATELLITES 
Ti EQUCATION IN THE UNITED STATES 


SNetninu Gurts 


A satellite, we are fold, is “notning vut™ a carrier = for 


microwave circults routed up ana down instead of across. 


Computers are “nofnlnyg but” machines tnat oerforn tne logical 


operations that tney are told to perform. 


am 


Nuclear weapons are “nothing but”™ explosives Iike “any. others 


except with a bigger ban3. 


TV teacning Ls “nothing odut" tne same tessons with the words 


comin) out of fre box instead of out of a pook or tha feacher'’s 


moutne 


ese #@e @ SH &# HH 


All those statements are in soma respects profoundiy true and in 


otner respects profounciy false. 


In each case it Is true tnat tne new technology ls Just a venicie 


to deliver some result that people nad previously celivered in 
‘ 
other waaySe Yet in each case If 1s siso true that Lin some 


situations and in. ‘certain respects the new vehicte 4S so 


etticlent tnat the whole pattern of oufrcomes may be modif Jed. 
Ks 


¢ 


If it is trues as if is» that satel tites ln education are 


. ‘ 


“notning bDut™ a vehicte to provide ealectronic circults to 
educators, then four questions must be answered In decldlng how 
valuable sateliites are to them: (1) Wnat needs do schools have 
for circults to dellver educational materials? (2) What 


alternative types of networks are avallabla to them? .(3) Under 


wnat circumstances are satelilfes fhe cheapest way To provide 


desired material? (4) tinat are the the most useful Initlal steps 


to stimulate use of sateliltes in eaucatlon? 


NEEOS FOR CIRCUITS 


Movlest 


ahetner delivered by bicycled films, or video cassettes, or over 
the alr broadcasts, or CATV, or satealiite transmissions, motion 
pictures clearly nave some value In education. Every competent 
school system uses some of them. They are useful for snowing 
students historical re-enactments. They ae oarticularly helotul 
in enadling students to see gooa drama and ooera which they would 
rarely have a chance to see ilve.e They are useful for 
demonstrating non-verbal techniques such as swimming form, or how 
to nit a ball» or now fo bandage a sounde They are more useful 
than words alone in exposing students to locations and cultures 
they will not meet directlye So geograohys art history, and 
anthropology classes use them extensively. For that reason they 
are particularly valuable in expanding the scope of experlence of 
students who have timited exposure to cultures other than their 


OwN, aNG aANoconme froenconfining cultdral mltleuse The most 
@xpansive exverlence American children of tnat kKln4d now have ts 
from TV» wnicn is a seriously seficlent source tor developing 
empathy wath the outside world. Movies in scraol can be a 


. 
valuaole corrective to tne TV image. (1) 


Yet mnen all is said anu dgones visual materla! Is a sudstentially 
lesser portion of tna curriculum tnan 1s verval} tow much tess I 
do not know. One ftli3ure needea for any goo3 cost/etffesctiveness 
analysis would Oe, for eacn grade level, tne oraportian of such 
visualizadie material in the curriculum. Can the educators give 


uS a rellaote figure on ftnat? I suspect [tf would be a 


surprisingly nigh tigure.e 


Whet is morey me must reaiize thaf we are deating with a visually 
fiterate generation that grew ue on TV. Movies moy work wel] 


altn tnen. 


Se one use of Circuits aay Se fo proviue motion clsture aaterlal 


to tne classroom. It ls a signatacanty Out tinitad function. 


Qlsogtsed awdlences? 


Sometimes & Sfucent population, instead of being conzantrated In 


a classroom, is wldely scattered. Among examples, is bedridden 


ete ee ee a ee ae ee ee we ees ee 
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(4) For analysis of the role of tna medla In odroacening of 
ampatny see Oaniel kerner, The Passing of Tragitional Soclaty, 
Glencoe, ,tie The Free Prass, 1958. For a <silscusslon of tne 
contents of [TV imajery see Georye Gerones, tortncoming articté, 
Journal of Communications, vole 2h, Summer 1975-6 


Jents, students in sparsely sefttied cural areas, or students 
King nmignty soecializea courses for wnich there are only a 
hanaful of candidates in any one school or other locatlone 
Electronic circusts can be useful to deliver course material to 


such scattered individual se 


ot 


One aiseersea audience of sone importance is aaults who nave left 
f 
scnoot, but are Interestes in continulng thelr eductlon at home 
: % 
or at work through “open learning” systemse (1) The kinas of 


circuits that wlll do fne job economically are hignly sensitive 


‘to the topography of the audience distribution. If tne task Is to 


reacn bedraccen sfugents an tneir nomess then useful devices are 
likely to be tnose that reach the home anyhow’ the telechoney 
radio, or Telavisson. If the task is to aggregate small grouos 
scattered in many Iinstatutional tocations, such as tor example 
madacal special(sts at several hospitels or Esquino children in 
arctic villages, nen speciailzed institutlonal networks that 
Serve those communities may be used» A particularly important use 
in ordinary schools, Lf tnere were a speclal satellite or other 
proaacand networks might be to permit the offering of specialized 
courses. One can imagines for example, a situation In which 
aavaencea calculus might be mage available in every hlgh school In 


the countrys or tikenise some varlety of foreign tanguagese This 


would be particularty important in Iimooverisned areas whose 


a ae ee oe EE EE RE NS NE OS CN eR om meres 
i . 


(1) Norman Ce Oanl, “The Use of Satellites in Qoen Learning 
Systems", {in Norman Mackenzlies, Richmond Postgate, and Jonn 
Scuonam, Open Luarnangs Unesco Presses 19756 


anblelnt atenewateeaninmntentr witinan wert 


schools are lass good than elsewneres 


Mastec teacninat 


In many places tne feacner In the classroon Ls acknowledged to be 
less competent fnan one would tike.e. Film or video cassettes. or 
broadcasts, or CATV or satellite transmisslons csn be used to 
deliver a superior teacher’s teaching. 23410 also can be useds 
for tne master teacher’s words may ba what is Inportant, rather 


fnan any visual effects. 


There are serious objections to Importing teachers electronlal lye 
It denigrates tne feacner wno is there tive with the stusentse 
Tne remote teacher may not understand the bocst culture of which 
tne ctassroon teacnar may be a parte Thea remote taacher is tess 
tlexioie in agaoting to wnat the students are doing and are 
Gapactie of understanaing at a given moment fhan is 3 teacher on 
the spot; a tiim cannot take account of wnether fneré was a 
soitoall flgnt tre noment oefore. Done In oroadcast wayss aaster 


teaching may require all cissses fo be deine tne same thing at 
the same moments outting the master feacner on cassettes or fitms 
to be shown under tne local teachers guldance avolds fhat. 
_ Whatever the objections, howevers there are times and places when 
the master teacher is enough betters so that gellvering a master 
teacner electronically makes sensee In particular, it 1s not an 
all or none cnolcee The classroom teacher may ba able to discuss 


. and explain a film or broaccaste Just as he or she discusses tha 


tex hoook. 


fp eens 


In generaly tha nead for delivering master teachers Is small in 
developed school systems wlth professlonally trained teachers. 


It may be more frequantiy useful in underdaveloped lands. 


Teashina_teasnecst 


In a number of underdeveloped countries If has been found that 
the most effective use of educational broadcasts was nof to 
deliver material direct ty to the classroom » but to dellver 
guidance to tne teacher bafore ne enters the classroom. Teachers 
have fo be di <pensad Physically to the tocations where they 
teach.” If is hard to rina Shen together freauently for 
orlentation or gulsance.e Circuits or eugenttes that can reach 
Them where fTney ares, and help them teacn better are of great 


value. 


This is particwbarty important in undardevatoped areas where the 
feacners are poorly tralnedg and in rural areas where feachers are 
away from centers of orientation and guidance. It Is not 
unimportant, however, even in the best schoot systems for 
superintancents or suparvlsors to te able occaslonally to hold 
teleconferences wlth the teachers from the varlous schools in the 
systen, or for teachers to have available broadcast or taped 


courses on new or advanced materlais. 


Gurceot avenrs: 


In an era in which most people get most of their natlonal and 


Intefnatlonal nens from TV, It Is cleariy useful to the teacher 


+) 
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fo be adle to vrang video of currant events into tha classroom, 
either five or tapea for reolaye Quantitatively, current events 
are not a major part of euucation, but they are not trivlel.- 


elther. 


¥igse Lsachina of eanaviers: 
| \ 
Most of wnat is tauunt in the classroon 1s verbaly but a certain 
portion consists of tearning how fo do tninas wlth ones bodye 
This incluvges not only sucn activities as sports, but also such 
expressive activity as oeral presentations. One of the best ways 
to teach al! such activities ls by providing tne stucent with 
video fteeadack so ne can see Just wnat he did. This Is avery 
valuasle form of tesucning of skilfts in intercultural contant for 
relatively noneverogl youngsters who oe'tong to subcultures. This 
auGiovisual activity, hnowever, is usually done entirely with 
focal equipment. [Lt requices a vwideo camera and monitor to tape a 


Stuaents penavior ana enanoie him te see Its nof 4 cadle or 


sateiitte circuite 
Zofecmalion Satriaval: ‘ 


The audiovisual functlons iisted so far are all reutinely done 
Today in at least sone scnool settings. They have fheir merits. 
and perhaps snoula ve substantially expanded, but they represent 
nothing pave hur lonsrys We turn now to aopiicatlons about which 
it ls reasonaple to speculate that fifty years hence the 


ctassroom practice will be drastlicalty different from wnat it is 


11 
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erences 


td 


anywnere foday. 


Looking up Iintormatlon ls such an application. Computerized 
Information retrieval systems are Just now beginning to have an 
Impact on research and teaching. A couple of years ayo Arthur 0. 
Littie estimated tne on-line electronic puolisnhing business to be 
over $160+00C:000 a year and growing at about 25% per annum. Most 
of tne Impact so fare however, has oeen on commerclal and 
Industrial Lnformation geaking. In business firms a persons time 
spent tooking up intormation is an accounted expensee If» 
tnerefore, a computerized Information retrleval costs 85 or 354, 
but saves hours 2f labor It may well be worthwhile. Research in 
educational institutions is not accounted that waye A student's 
tame iS treated aS valueless, and evan faculty time is not 
consicerea seriously. Time spent in tibrarles appears nowhera on 
School bduagets. For that reason billed computerized information 


retrieval systems have barely entered educatlon so fare 


Wiftnan tne coming aecadesS, nowever, fhat is bound to change. In 
the flrst place tne cost of Information retrleval 13 bound to 
fall drastically. wWamay anticipate falling costs of computer 
memories,» tong dlstance telecommunications, and computatlon, at 


the same ftlme as rising costs of publishing and paper handlinge 


6 


To the extent tnat computerized information retrieval becomes a 
conventional moge of searching for information, access to remote 
data bases by telecommunications wil! become normal. For reasons 


that we snail tater axamine more fully, it is often far more 


economical to incur communication costs for use of a single data 
base tnan to replicate the data base in many remote tocatlons. 
Virtuatly all tne targe information retrieval systems foday 
operate on That conciusion. Lockneea and tne Systems Oevelooment 
Corporation which offer tne wloaest range of information services 
today, each have thelr computer on the West Coast (not even In 
the center of the country) and are accessed by custoners via 
teleconmunications from anywhere. ihe added communication costs 


are tar offset by economies from centrallzation. 


As computerizea information retrieval segins to filiter Into 
American schools» cuircults for the puroose wll! be needed first 


In scnool tabdrariles, and eventually in inalvidual classrooms. 
Gemeuisc aicss isaicust.seo! 


CAI is also only at the beginning of a tong process of growth. 
Occasionally overso! 3 by enthusiasts, if has nonetheless been 
highly successful in some opetagogicai situations. The first 
prerequisite is tne arduous development of mign quality software. 
No more than In nard copy puoilshings can taryge amounts of fhat 


be procuced overnight. 


A second prerequisltes as in the case of Information retrievals 

is a substantial reduction in coste In this Instances as In 

information retrieval, the use of the new technology has soread 

faster in industry and tne armed services where stugent time Is 

an item of expensay than it has in schnoots and unlversitlese The 
13 
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a 


“goat whicn some CAI developers nave set for themselves of getting 


costs down fo about 30 cents an hour (on the bellef that more 
expensive systems would not be adopted) testifles to how we 


evaluate student time. 


CAI is much less dependent upon remote access than Is Information 
retrieval. It may well turn out that CAI courses in subjects Ilke 
math or languages are as economically or more economically 
Packages on tapes or simllar devices for use on dispersed 
minicomputers than if operated on large systems accessed from 
afare On the other hanc the reverse may turn out to be the Ccasee 
qi) Besides ftnafs soma subjects that are tess formal than math 
or languagese may require Information retrieval operating on 
large data bases as part of the computer aided instruction. The 
ecruwities of CAL anid information retrieval are aot fo grew 


together with Timea. 


TYPES OF CIRCUIT REQUIREMENTS 


The variety of ways in wnich electronic messages can be delivered 
tor ecucation Includes the telephone lines» CATV, and physical 
transport of cassettes or tapes, as well as satelilte 
distributions Ingeed most actual activities use these in 
combination thanks to the Interconnected character of the 


nation’s communications network. For examples a CAI tape may be 


nO een mee ae Oe a ee me we cee ee oe ORD ee eee ee 


Ao ee eee oe eee 


(1) Cf. Jonn Ball and Oean Jamison, “Comouter-Asslsted 
Instruction for Olspersed Populatlonst System Cost Models, 
Instructional Sclancas . sDruary 19735 Ope 469°5i26 
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mailed to a computer center to be loaded on a8 macnine wnich Is 


accessec by aGial-uo tines that may well travel over satellite 
Circultse However, insofar as satellites enter the educatlonal 
communication network only as an alternative carrier for tong 
fines trafficy educators need pay no special attention to theme 
When and if they are cneaper channels than microwaves or cables 
the common carrler will use fThemy and tne ultimate consumer need 


not even know ife 


. 


The satellite applications tnat NIE neecs to fake under study are 
those that call for a dedicated educational satellilte or 
dedicated set of transponders that dellver their signals to 
schools over dedicated or partly decicated ground stations. The 
configuration of greatest interest to eaucators is ftnat in which 
a there Is a nish oowarec satellite tike ATS-& permitting tow cost 
antennas to oa olaced rignt at the schools tor direct recention 


of educational materlalse 


tt Ff not sensidle to oa eitner for or against such a system in 
the apstract. There are purposes and situations in which such a 
system is ilkely to be useful and othars in which lt is tikely to 
be uneconomic. dIniy after considerabie research will the limits 
of cost/effectiveness of such a system be well understood. Here 
' ‘vall we can-do is to lay out a few of the parameters that must be 
Incluceo ‘in any seh sai velex Let us Take note of half a dozen 


characteristics of the communication system which affect the 


usefuiness and econony of such a system. 
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Banguigth ceauicerents! 


The RCA Satcom tauncned tast December nas 24 transponders each 
capable of carrying one TV color plcturey or 1039 volce grade 
circuits» or 64 million bits per second of datae Those figures 
convey the ratio betwean the large bandwidth required for videos 
the medium bandwidth required for volces and the small bandwidth 
requires for data. A character of text transmitted as data 
Pequires 6 to 9 olts} using 8 as our divisor, 64 million bits 
Means & milttlon characters of text per second or abort 533 


typewritten pagese 


There are nearty 110,000 schools and colleses in the United 
States «lth between 2 1/4 and 2 2/2 million classrooms. (2) If 
it were aconomic to provide a satellite of tne size of RCA Satcom 
exclusively for educations, and If each school could have a full 
size 96 foot earth Station, that would mean that at peak hours 
each scnoo! could receive 24 video transmissions, or 
alternatively have 13 minutes out of the hour avallablte for 
telepnone contacts or mangle 280 words a sacond of text (i4kbsS)» 
or some combination of tnesee Each classroom could have a cholce 


of the same 24 talevision programs, or 35 seconcs per hour of 


(1) Tne Digest of Educatlonal Statistics for 1974 reports 107,006 
schools and 21665 institutions of nNigher education for 1972-73. 
It reports 159139530 scnoolrooms in use In etementary and 
seconoary schools in 1971. Since thare were 47.0 miltion primary 
ana secondary stuaents in 1971 and 46.3 million In £973, and 9.2 
million stugents in higher education In 19725 the total number of 
classrooms musf be around 1/5 greater fnan fhe 169 mlilion figure 
for primary ana secondary schoolroomse In calculatlons below we 
wlll use tne figure 2 naulilon for the fofal. 


Le 
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telepnone conversation, or traffic of 13 words a second of text 
(668doce5), or some comoinatlon. Of coursey no school would have a 
96 foot earth station; fne penalty for smaller eartn stations Is 


taken account of In estimates below. (1) 


Some obvious concliuslons follow from these calculations. A 
satellite system can deliver a timited cnolce of on-Iilne TVs but 
not inaividualized video on demande It can provide occasional use 
of voice feeaback for specialized purposes, but not on a routine 
basis at will. It Cane howevers proviaa the capacity for 
individualized digital interaction such as occurs In CAI or 
Information retrievale Tne bandwidth that can be made available 
to education by a cedicateo satellite system Ils targe -- very 
large Sy any economic comparison of what could be done by present 
terrestrial networks --», out lt is far from unlimited, ana does 


sef constraints on wnat can be aanee 
Resl time ceaguirenents! 


Tne cost/effectiveness analysis ot a satetilte system differs 


quite markedly geoending on whether the fransmisslon has to occur 


(1) This Is a back of the envelope calculation. It takes no 
account of such unfavorable factors as conjestlon degredatlon, or 
of scheduling algoritnms$ indeed the Rind of oacket system that 
we snall aiscuss below would in fact allow for onty about one 
fThira of the fthreugnput of the theoretical limits here giver. On 
the other hand tine calculation takes no account of such favorable 
factors as incer2asing canacity with improving technology in the 
decuge or so oefore any sucn system would come [nto existencee 
Tne basic conclusions to be drawn from thase calculstlons denend, 
however, on ofrger of magnitude results and are ftikely fo stand uo 
fo such refinements. 17 
16 


at tne time tnatr it is used» or wretnher the transmitted material 


can oe storea for tater usee In the former case the cost of 
satellita transmission at peak hours has tO be compared to the 
costs of other reali-tima facilltles such as telephone tines» or 
leased tines, or CATV for the same hours. In the latter case fhe 
comparison may be with postal or other dellvery$ use of the 
sarellite system can take place in nighttime or other tow use 
perloas. In generally a satellite system’s cost will be easler to 


Justify if there are some Important real-time requirements. 


% 


In the flrst part of the paper where we Iisted educational uses 
of telecommunication circults we noted a number of them in which 
real-time interaction Is important. Teaching of dispersed classes 
requires two way communication if lt Ils to be more than taned 
fectures. Alsos interactive computings whether for Information 


retrieval or for CAL, raquires realetine feedback. 


Taole 1 ILllustrates tne retation oetween various uses and 
realetime ana banuwiduth requlrementse Olspersed teaching requires 
video (wnich is nigh bandwicth) downstream from the feacher, and 
it reouires avallabdlilty of voice for student responses upstream 
Cice@e it feauires meaium bandwidfhe) Movies require high 
banawicths dut can de taped at night on VERS started and stopped 
by automatic timers. CAI and information retrieval require low 


banowiatns but they do raquire operation In real-time. 


GALI and Information retrieval pose requirements that are met well 


by a satellite system. Olspersed teaching can pe done, but only 
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Bandwidth 


High 
(Video) 


Medium 
(Voice) 


Interactive 


Dispersed teaching 


in real-time Info. retrieval 


Movies 


Delayed 


Facilities Required By 
Some Applications 


Table 1 


en a scale that does not exhaust the avallabie video transponders 
or the auaio feedback capacity. Since sucn specialized teaching 
can well be relegated to mnon-peak hourS, that may not be an 


Intoierable constrainte 


Audience lovoloayt 


Tne advantages of a satettite network with low cost earth 
stations Is greatest: where the receiving locations are quite 
dispersed ana where terrastrial communicatlons among them are not 
yet in place. There ls no better way of reaching arctic villages 


or the 500,066 Indian viliagese Yet even for India, when the 
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cost/oenefit analyses were maae in planning for tne SITE system, 
It became clear tnat a nyobria system would be most economical. 
Wnere villages were sufficiently densely tocated or close to blg 
cltiess it turnea out to oe economical to provide them witt® 
television by fins of sight broadcastinge If Esquimo villages are 
One extrease then Amarican central citles may be the othere A 
rooftop microwava network or some CATV channels (where the clty 
is cedleag) may well de a mére economical way of doing the same 


th.ng aS would be cone with a satellite earth station. 


There iss tnerefora, no obvious a aparhocl answer as to the 
economics of an educational satetiite system for the Unlted 
States as a wnolee Tne calculations need to be madee [fs as seems 
hignly possidies, fney turn out to Justify investment Ina 
satelilte system for ecuctlony, than the balance may tip even” for 
many central city locations, for once fhe satetilte Is in otace 
and transmitting, tne costs of receiving from It directly may In 
many instances turn out to be no higher than the costs of 
receiving indirectiy via & terrestrial redistribution system. A 
satelillte system may turn out to provide an example of a kind of 
Pareto optimum situation in whlch some galny while others do not 


gainy but do not tose either. 
Bacelvesooly us tno-way't 


White a number of orlginating centers such as unlversity schools 
of eaucatlon, or the headquarters locations of major metropolltan 


school systems, or educational broadcasting production centers 
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may have two way viac30 antennas» we are postulating that ordinary 


schools wlll onty be abdltle to afford a recelve onty dish for 
viceo. Auglo ane digital transmissions, however, can and snould 


- 


be fwd waye 
Point-to-eoint us- stac? 


Since audio and digital transmissions may De Tworwaye they can in 
principle go not onty to the originating center, such as fhe 
computer in CAI or in information retrieval or the taacher In a 
studio of a telecourse, out also between palrs of persons on fhe 
system. For examples there can he communication cetween 
classrooms working on the same subject in differant sctools,» 
(That mignt de oarticularty interesting as a way of relating 
remote arct.as villajes or carts of an Indian reservation fo aach 
other.) If, howeavars tnat king of communication wera 
quantitatively 3 major aspect of tne sysfem, tne design would be 
quite cifferente The switched teleorone network nas been ceslgned 
tor tnat; af 2staoiishnes circults between any two arbditracity 
determinad inagividualise A large part of lts cost is Its switcning 
SyStoame The fyoe of ceaicated satellite system fThaf we have 
descrideu above will turn out to be economic, If indeed it turns 
out fhat ways in targe part because lt dispenses with the costs 
of switching since tnere witli be tew such palrwise circults 


dsemanceae 


Fortunately, the alternatives are not quite polar. For data 


communication today, and maybe tor voice too In the future, fhe 
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development of message switching and multiolle access satellite 
systems cnanga tne picture considerably. Tne basic idea of packet 
switching 1s that the hlgn speed trunk circults are kept full of 
stanocard length piecas of messages (packets) which have addresses 
on theme AS they reacn thelr destined comouter their adaress, 15 
read ana they are keoft ang reassembled into the orlginal messagee 
(1) %&If a satellite is used as a transmission medium If can 
proaacast all the packets instead of sending them on ai switched 
multioolnt net. Af each receiving statlon the computer reaas the 
adoresses on all packets and retains those packets addressed to 
ite (2) In randon access packet switched setelilte 
communication, each earth station transmits packets at random 
times to the satellites Since the orlsinating earth statlon, Ilka 
all the others, Is listening to all the traffic, It verifies 
after a quarter of a second the correctness of recention of Its 


message» and the non-overian of Its transmission with that from 


ee a ee ae a ee 5 pe ae nt So eee a em eee 


(4) The igeas behind the ARPAnet were outiinad by Paul Saran in 
tne mia i96]*s. (Cfe “A Griefing on tne Olstributea Adaotlve 
Message-Block Nefwork™, Randy P=-3127» Aprli 1365-2 If has been 
described in many placesy ee9e Lawrence Ge Robertss “The ARPA 
Network™ in Norman Aoramson and Frankiln Fe Ku0e edSer 
Comouter-Communication Networks, Prentice Halls 1973-6 The 
present commercial aoplication of packet networking in the United 
States is Telenete A large number of packet neatworks are now 
being Geveloped in varlous placeS» among them the French 
Cyciages, tne Europaan EIN, a Britisn Post Office experimental 
nets and a trans-Canida net. : 


(2) Norman Apranson, “Packet Switching With Sateliltes’, Natlonal 
Computer Conferences 19735 pp. 695-742. Leonard Klelnarecck and 
Slmon Se Lamy “Packat Switching in a Slotted Satellite Channel’, 
QQ> Cites PO» 753-7ide Lawrence Ge Rooerts, “Dynamic Allocation 
of Sarettite Capacity Tnrough Packet Resarvatlon’, o0- Cites ND- 
712-7166 
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another station. In the event of ar overlag or garbled 
transmission the senser (etter a random aelay which helnos prevent 
@ secona overian) retransmltse Using such techniques» throughout 
of 16% of total channel capacity can oe achieved without any 
centratized controle By a modificatlon of the system so that 
bursts are not wholly ranaomy, but are slotted at specifled time. 
intervals», a tnroughout of 37% of capacity Ils acnievabdle.e A more 
complex scheduling fecnnique described by Roberts achi¢cves a yet 


higher tnrougnput. 


These leveiS of fnrougnoutf may seem wasteful of satelilte 
Capacity, but if on a network there are a large numoer of small 
users whose traffic nas to be corordlnated, there is orobably no 
way of achieving nigher efficlancy. According to one estimate, 
at the 7 characters per second average rate tor Interactive 
communications experienced on existing networks, over 309 users 
could be serviced on a single voice channele (1) Abramson has 
nace an asftimate that a aingle Inteisat IV transponder witn 35 
Mhz danawlatn couta feed 1g mobs into small earth statlons. Glven| 
the rate of interactive communication dy users of alohanumeric 
terminaiss this would permit 1039000 active users. This 
corresponds to our crucer eartier calculation that a full 
satellite aevoted to data transmission could come close to 


servicing every classroom in the country simultaneously. 


me Oe coe ee on ae ee a mt wee a a ee — ae a - 


te ne re se ee ee 


(2) Robert P. Blanc, Review of Comcuter Networking, National 
duress of Stanaaras Tecnnical Note 85%) January, 1974. 
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“SOME COST CONSIDERATIONS 


If at some time in tne future an educational satellite system 
proviaes circults to every classroom In the country, the dominant 
costs will not ba those for the sateltilte, but rather those that 
recur in each classroom. Nene of the flgures that we use In thls 
paper are anything but starting approximations for further 
research, yet mY conc tusion is falrly robust no matter what 
detalleu gata we useée The crucial colint Ils that whatever Ils done 
in each school 1s repeated 1062060 times over, whatever Is done 
in each classroom is repeated more than 2 mlittlon times over, 
while whatever is do.e ln the space segment is done ones two or 


three times onlye 


As we require larger and more powerful sateliltes fo work with 
small grouna statlons we may expact fhe costs of the space 
segment fo go UDpe Today one mignt perhaps build a modest 
communication satellite for 815 milllon and taunch it for 39 
mililon. Let us assume three such satellites so as to be sure of 
adequate backup. [haf means a Space segment cost of $72 million. 
Buf consider Instead a more sophisticated satellite costing 830 
million apiece and $18 million aoiece to tauncne Again 
multlolying by threes, that Is $144 mh ttione A still more powerful 
satelilte might cost as much as $80 milllon and a faunch might 
cost 330 mitilons making 2 total for three sateliites of 8339 
mililon. Oepreclating the cost over three years we fina.that fhe 


Space segment has to recover between adouf $106 milfion a year 
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and a quarter of thate Tnis is in tine with present rentals of a 
transponder whlch may range from $1 mliftlon to 83 mililon a yeare 
Multiplying by 12 or 24 would sugsest fhaf our above figures are 
perhaps on the nlgh sldee The basic conclusion In any case Is 
that the space segment costs even without allowing for falling 
costs with Iimorovements of the technology, are Ulkely to amount 
70 somewhere between $5 ang 820 per classroom per year when tha 
whole country is connected. That Is clearly the smallest part of 


the total cost of a national educational satellite system. 


Much nore significant costs are _the terminal and audiovisual 
equipment for eacn schoo! and classroom. To some degree that fact 
alreeay makes a cdse for satellite distribution since most, but 
not all, of that equlopment woula be ragquires if one were fo use 
Terrestrial distribution to introduce modern canmunicat Lon 
faciilties into classrooms. There ara four sets of earth segment 
costs that must ve consiserea if a serious cost/benefit analysis 
ils to be mages and tnree of these apply wneatnher or not satelll tes 
are uses! i} tnere is tne cost of Internal wieing in scnoal 
buildingss 2) there is the cost of computing equinmant including 
concentrators and terminate} 3) thera is the cost of audlovisual 


- ‘ 


equipment; and 4) tnere is the cost of earth statlons. 
4) Internal wiring 3 


We have not hag a Chance to explore that even in a prellminary 
way in this paper. The tecnnicaliy essential cost is smalls but 


Lt must de recognizad that dbuilaling coca asad union reauiremnents 


may often pusn such costs up to a significant level. 
2) Computing equloments 


Table 2 shows fhree main elements of cost in providing the 
In=scnool ena of CAI ana Intormatlon retrieval capabliltiese 


These are the communication costs, the ferminals themselves», and 


Possible 
assumptions 
about change 
1974 Costs in a decade 
Terminals $1000 to $4000 Halving every 
; 5 years 
Concentrator $20,000 Halving every 
5 years 
Telenet charges | 
per port $25,00/onth Drop to $10. 
packet charges .60/1000 packets Constant 


Some Cost Elements 
For Interactive Data 


Table 2 


any concentrators or Interfaces. The necessary equipment to 


permit effective CAI and information retrieval can perhaos be 
estimated by examining present costs that are belng incurred on 
terrestrial networks. Ecucomy for examoler, is engaged in an 


experiment? with Telenat. Students at varlous colleges are using 
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Dartmoutne MIT, and SUNY facllities vila the net. Experience 
shows that a terminal usar is (tikely to use about 539 packets = an 


hour, thus incurring a packet charge to Telenet of 30 cents and 


" houre ; j 


; 
Thats however, is onty part of the cost. There are other 
commuricatlon costs which are not a function of usagee A 
concentrator which can service up to 96 terminals costs $400 a 
month at the present timee Since we are assuning that the average 


school would nave only one terminal in each classroom or about 20 


ferminals that’ neans: $20 a -month -eache..In. acdition. there Ls a vc, 


port charge for each terminal of 825 per monthe Thus the flxed 
cost tor each terminal would average 345 oar month. To transtate 
that into a billion gotiars a year for coverage of atl classrooms 
would be a mistake, nowmever, for these costs will fall graatly In 
the coming years ang with volumee A concentrator now is a $20,000 
devices given “the trend In costs of computers, memorlese sand 
microcirculi trys, thera Ls every reason to detieve that within 6 
decace fhat cost will be cut in hatf two or fhree timese 
Nonetheless we anticlpate an Investment in such equipment 


substantially targer fnan the investmant in the sateliltes 


themselves. 


A couple of related points should be nofede At present connection 
to the Telenet network costs also on, the avereje of $206 a month 


In telepnone company charges tor a high speed Ilne from the 


concentrator In tne school to the nearest polnt on the network. © 
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That charge would not be Incurred on a satellite system. For all 
schools in the country to be connected, that charge would come to 
over a quarter of a olltion dollars, ieee Suostantially more than 


a satellite system. 


Secnoots in many places can avoid that charge now by accessing the 
network via daiateup focal calis. Thay then have to pay an extra 
charge of 76 cents an hour to Telenet added to the 30 cent packet 


chargee In most citles the present practice of untimited focal 


calls _makes the telapnhonic part of the service free, but If such 


.uSage Increased very much one could oe sure that that 


exploitation of tha telephone system would not be allowed to 


continue. 


Wa a@1So Nave to ada the cost of terminals fhnemselves. Relevant 
terminals today sell for £2503 to $4030 dollars. Tektronix Is 
advertising ifs grapnics terminal for $3000 In quantities of one. 
Amortized over three years ana allowlng for maintenance contracts 
we are again talking of an Item of between one and two hundred 
mittion dollars a year for all classrooms, af present prices. 
Buf» once again there is every reason fo exoect the prices to 


come down signiflcantiye 


Putting all tnese itams together at orssent charges would lead to 
the quick conclusion that the cost of providing CAI and 
information retrieval access to all 3 lassrooms would be 


prohloltive, even witnout considering software. However, If 


28 


2? 


Se * 


research confirms tha quick impresslon that present rates are 
tikely to be cuf in half not Just snce but at ieast twice, Then 
tne prospect becones very attractive, Ha would then be facing 


equipment costs in schools of about 317.53 per student per annum, 


leee under 8450 per classroom pur annum to provide onysical 
access to a Sateliita channel to CAI ana to infornatlon retrieval 
services wherever thay are to be fourd. Tnese would then be 


avaliable at usage rates fhat even nc are only atout 36 cents an 


houre 
3) Auslovisusl equi sment? 


Tne present costs for in-scnool a.diovisual equipment tu take 
advantase of a sate.lite communication system Seem to come out aft 
about the same teve! as fhe comouter iqulnpment. White those costs 


mitl also fall, partaps they will not fall as faste 


We priced out a system which assumes a color monitor and taoe 
deck in every classroom, two color VIRs, editing facilities and 
tapes in every schocl, so as to permit nighttime racording of 
video material off the satellite ana editing of if. Eaquloment 
prices are ingicated in fTandle 3. Equipment costs were again 
written off in three years. The overall result was again about 
one and a half billion dollars a year aft oresent prices. Exoert 
oplnion suggests that’'costs of color VTRs ls falling now from the 
recent range of 1800 to $3400 down to about $1000 for a 
fecord-play back (norsediting) deck. Simllarty, the development 


of solid state imaging technology lacey. Faircnild Industries® or 
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RCA*S Charge-couplea devices) could yleid orcer of magnitude 


deci.nes in prices of camerss. Discs also must be borna In mind 


as a potentially inexpensive viceo distrioution tedlum. Master 


1976 §©Costs x 
In each classroom In each school 
Monitor $300 
Tape deck 900 
Tape (30 hrs.) _ 450 = 
1650 
Portapak (BSW) 1800* 


2 VIRs 5400* 


*Likely to drop in cost 


aT 


Some Cost Elements 
For Audiovisual Equipment 


Table 3 


disc recorders in the 53feduy Price range have been ment ioneds 
One mayy Therefore, hypothesize for turtner researcn the 
Possibility that effective use of video from a satelilte could | 
also be brought into tne clussroom for costs of about 825 per 
stucent per annum, lees tass than 3653 per classroon per annum. 
This eygain exciuaes software cevelorment costs} it is the cost of 


interacring with the satellite fer video materlal. 


29 


4) Earth stations: 


Tnere ls a large literature on the egrospective cost of small 
earth stations. (1) There are efforts such as the NHK experiment 
int in Japan to get the cents: down as tow as $300, but that Is 
just tor few channels of home televislon reception. “A terminal 
That can recieve a numder of channels of TVs can nandie two way 
-volce, and also aata wilt! be consideradly more expensives 
Terminals tor aata alone are being developed wnich can be carrled 
ON a man*s back or made part of a small and low cost sensore Such 
terminals will apparently be in the one to four thousand dollar 
range. Simllarty, community TV antennas for Indlan villages or 
for Alaska or tha Cansaian Arctic nave been develoces at figures 
tlke three or four thousand dollarse However, when one moves ud 
fo the typa of mul tlechannelsy two way digital ana voice antennas 
we are talking about, the costs are Inevitably in tne tens of 
thousancs rangae As in so much of tnis analysis, date ls a 


erucial varlaole in the orlcese An antenna that may cost $65,000 


today may cost $25,300 some years trom now. It 1s meaningless to 
Name any one figure without substential research on bofh antenna ~: 
Characteristics and assignment of a precise datee Even fhe 


spectrum assagnment of fne service makes a substantlal olfference 


. ~ 
eS ae anaes memes ae es ere ae = cee eres ae ee en eee re See eI 6S oe EES ee ED ET me 


(1) Cte Bruce Lusignian,s “Low Cost ETV Satellite Recelverssy 
American Institute of Astronautics and Aeronautics, Paver 70°43S,% 
April 1972< Dean Jamisonsy “Uses of Communication Sateliltes for | ~ 
Eaucation", Proceeaings of the IEEE Fal! Electronics Conferences 
Octe 28°29 19745 Chicagoe Howard He Huper, “An Education 
Setellites Costs anc Effects on fhe Educational System, 
Educational Tecnnologys Octe 1974, Pde 4b°526 
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in the cost. 


Using @ tnree year write-off, 6 $10,000 earth statlon on each 
school would cost about $366 milllon dollars a year nationwide$ a 
$20,000 earth station twice that} a $30,000 earth station three 


times thats efc. 


These tough calculations suggest that the least exrensive part of 
a total educational telacommunications system using a satellite 
is likely to be tne space segment itself, with the earth statlons 
next, ano the data communication terninals and processing 
equipments and tne video equipment in about fhe same ball park in 
terms of cost. All of these together could come fo a rather 
substantial national investment in absolut terms, (perhaps 83 
473 biltlon a year Lf it were so successful that every classroon 
was uSing it)s but ftnat seems tess exhorbitant when stated as 
under 360 per student oer year Including usage charges for 
communication, though not software costs. If that hypothesis ls 
correct fhat coula be an extraordinarily sound = national 
Investment. In leaving tnese figures» nowever, It is Important to 
stato that they are nypotheses only, and have been spelled out to 
Indicate the prodliems that nead fo ba explored in making a 


cost/benefit analysis in thls area. 


Let us turn now to tne somewhat subjective matter of potential 


oenefits. 
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WHERE THE GENEFITS LIE 


It nas been the oremise of tnis paper that there are a good many 
potential uses for electronlc communication Into fhe classroom 
fanging trom delivery of movies to CAI. Yet af this polnt It 
should be possible to lay down some hypotheses about retative 


valuese 


Tt seems probable tnat the greatest cost/effectiveness of 
satellite systems for evyucation wlll be In the area of data 
transmissions, ices CAI and Information retrieval, rather than In 
volce or viced, tnough those are useful foo. In the first places 
the timitations of capacity place marked limits on wnat can be 
Gane by satellite agelivery of video downstream, and even more 
Severe limits on the amount of voice that can usefully be carried 
upstreame (1) Oependence on tlve video imposes an external 
elglaity on school programs that is most urdasirable$ the teacher 
coule tose control of scneauies and pacinjge On the other handy 
eunning several channels euring off nours to automatic VTRS may 
be a cheap way of bicycling tapese Yet that is a far less 
significant impact on education than the raat-time interaction 


that ls possible in the tow banawldth data communicatlon area. 


The inherent advantages of a satelilte system are its ablilty to 
carry Information Instantaneously over tong distances and with 


almost no aiffereance in cost as a function of location. Thus Its 


(2) Almost no video is Ilkely to be carrled upstreame 
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greatest importance is for on-line interactive communication, and 
particularly for locations away from the well served metropotitan 


centerse 


All of these aavantagzes are particularly well Litustrated by the 
possiblilties of intormation retrieval activitles via a satellite 
system. Libraries and other information stores are extremely 
unevenly aistributea. There are great tlorarles only In about 
four American metropolisese There is no aasy way to remedy that 
situatlon. The cost of reproducing those great collections Is 
prohibitive. The creation of one-line information retrieval 
Systens, Nowever, reverses that inequalltye Anyone anywhere can 


access the best and mosf advanced data wherever if ise 


The use of sateliites to make Lt possible to teach dispersed 
audiences is also of special value In such areas as Alaskay 
Appalachia, American Indian reservations and rural arease In 
metropolitan areas one is tikely to find 20 people within 
commuting compass wlfh the same speclalizea Interest. In 
impoverlsned areas there is tess density of osopulatlon precisely 
because there are tess opportunitles to attract people theree 
One practice that develops in such soarsely settied 
underceveloped areas as Alaskan villages or Indlan reservations 
is to bring the puplis together at schools so tar from there 
homes that they nava fo dvoarde Thls Is an expensive and crobably 
socially narmful solution. Improved felecommunlications may make 


lt possidie to keep cnitdren in thelr nome communities longer, 
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and aft the same time deliver aaequate education to tneme In 
smaift§ schools in such locatlonss a number of the applications of 


teleeeauction which we tisted in the first part of thls paper 


appear particularly relevant. Electronic dellvery of flim 


instead of physical carriages, master teacning, teaching of fhe 
teachers, imparting information about worid events, and delivery 
of specialized instruction are alluseful in such circumstances, 


as well as remote access fo informatlon bases ana CAI. 


If we have stressea the latter two applications it Is because It 
appears that thosa are Ilkely to provide the staple ‘traffic for 
an educational satalltite activity at least in the early yearse 
The other useful services that can be del lverad by satellite will 
then piggyback on ftnose two, Iinitlally perhaps sporadically. 
Consider early experiments before thera is a dedicated satellite 
and wnen circuits must ba obtained from the existing commercial 
vengorse Consider also that in the early stages, before many of 
the cost& nave ftallens wnile volume 1s low, operations are likely 
to be expensive and require some suosldye CAI and Information 
retrieval require only a voice grade Iinee They represent steady 
Neeus gay in and gay oute Some of the software Iready exists, and 
what exists can ba used over and over. In constrasts soeclal 
courses and tilms ara events: they occur sporadically. Important 
as they may whan tney nappene Thay require much more expenslve 


broagoand channels 


These considerations nave a great deal to do wlth the process of 


taking first steps. In tne earlier parts of thls paper we engaged 


in” the thouyht<axparimant of asking what a satellite service 


would co lf fully assimilatea into fhe fotatity of Amarican 


education. We asked wnat that would cost and what uses If might 


be puf Toe However, no system is going to come Into existence 


full blown. If will grow step by step. 


Fortunately tnat 1s possible. We note that even a targe 24 
transponder satellite would have trouble meeting the full needs 
of a mature national educational communications activity. Yet 
for many years a aedicated satellite would have mugh excess 
Capacity. There areas nowever, satellite channels available on 
mulfiepuroose satellitese Experiments car get started. More 
important ftnan sneer experiments, actual services can be started 
on a smal! scale. Tnay may need to be subsidized at first for 
every investment runs for some perlod at a losse Suf only real 
tife efforts, ratner than sheer experlments, bulld un a growlng 
body of experienced people who come to rely upon and trust fhe 


New way of doing things. 


Where snould one dDegin? Clearty part of the answer is wlth data 
communication activitles. The economies of electronic bicycling 
of tapes only appear In ltarge systems; the advantages of putting 
remote and ungerpriviteged locations on-Ilne to intellectually 


stimulating activities are there from the seglnning. 
So clearly tne way to start Ils with services to regions fhat are 


in neea of developnent. Those disadvantaged reglors are the one 
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tnat tne Fegeral sovirnnant would be Justified in investing Ine 
and new communications services are golng to nave to be treated 
as long run invostmentse Furthermores those regions are the ones 
that will ocnetlt (rom a device that breaks down the barriers of 


distancee 


It 1s important, howaver, that satellite educational’ development 
be seen not as an act of cnaritye We noted betora tna concept of 
the Pareto optimun. It is relevaht here. Tne existence of a 
Satellite will not ocaraw onto it any activity that can be more 
etficlently cone without Ife People wlll continue to meet 
face-to-faca or use ftneir tocal teleonones when fhose are mora 
conveniente Satellite facilities will probadly be tess used by 
metropolitan school systems than by others vecause the situations 
In whlch the satellite has a distinct advantace.for them are 
fener. But nobody !osess Ramotes underdeveloped and lor density 
areas will use the satellite services the most. They are 
tneretore tne logical place for Initial investment of money and 


ettort in satellite suucational activities. 
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